Summary. Semen samples were obtained by masturbation from 6 chimpanzees and the spontaneously liquefied fraction and the remaining coagulum were studied separately. When semen was collected once or twice a week, large intra-individual variations were observed for all measures. The liquefied fraction represented 26\m=.\5 \ m=+-\ 3\m=.\2% (weighted mean \m=+-\ s.d.) of the total ejaculate but contained 51\m=.\3\m=+-\ 3\m=.\8%of all emitted spermatozoa. Fructose concentration was higher in the coagulum than in the liquefied fraction (29\m=.\3\ m=+-\ 3\m=.\0\g=m\mol/mlvs 12\m=.\0\ m=+-\ 2\m=.\7\g=m\mol/ml,P < 0\m=.\001) whereas acid phosphatase was less concentrated in the coagulum than in the liquefied fraction (3\m=.\5\ m=+-\ 0\m=.\3\m=x\103 IU/ml vs 13\m=.\0\ m=+-\ 0\m=.\9\m=x\103 IU/ml, P < 0\m=.\001). L-Carnitine and citrate concentrations did not differ between the two fractions of the ejaculate.
Introduction
Chimpanzee semen coagulates upon emission but a spontaneous and partial liquefaction is obtained by incubation of the ejaculate at 37°C (Martin & Gould, 1981; Marson et ai, 1988) . The remaining coagulum represents a limiting factor not only for sperm count, but also for the study of the biochemical substances secreted by the male accessory sex glands. So far, semen characteristics have been reported for the liquefied fraction alone (Warner et al, 1974) , or for the total ejaculate after enzymic digestion (Roussel & Austin, 1968; Ackerman & Roussel, 1968) .
Large intra-individual variations of semen characteristics have been observed in all species of primates examined (Martin & Gould, 1981) . In man, such variations are related in part to the length of sexual abstinence (Freund, 1962; Schwartz et al, 1979) . The ejaculate volume and sperm count are inversely related to the frequency of ejaculation, increasing at low ejaculation frequency, decreasing at high frequency (Freund, 1962 (Freund, , 1963 Zimmerman et al, 1965; Mortimer et al, 1982 ; Levin etal, 1986) .
The aims of the present study with chimpanzees were (1) to investigate the semen characteristics separately in the spontaneously liquefied fraction and in the remaining coagulum after enzymic digestion and (2) to analyse the effect of the masturbation frequency on semen characteristics.
Materials and Methods
Animals. Six wild-born chimpanzees, Pan troglodytes troglodytes, were studied for semen characteristics. All the animals had been at the Centre International de Recherches Médicales de Franceville (CIRMF) for more than 6 years and were housed in large enclosures in age-and size-matched social groups except for Chimpanzees MG and ED which were housed together. Age was estimated from regularly observed dental eruption (Nissen & Riesen, 1945 and ranged from 10 to 16 years. During the study, body weight (BW) and left testicular volume (TV) were measured under anaesthesia as previously described (Marson et al, 1988 Semen collection. The animals were masturbated by research workers as previously described (Marson et al, 1988) . Semen was collected once or twice a week between 08:00 and 11:00 h. There was no possible control of the abstinence period between semen collections. To study the effect of high masturbation frequency on semen character¬ istics, hourly ejaculations were attempted starting at 08:00 h. Males NE and BN accepted this experiment which was repeated some days later. The number of ejaculates successively collected at 1-h intervals varied from 4 to 6 samples.
Semen analysis. As semen coagulated totally upon emission, ejaculates were incubated for 1 h at 37°C to obtain partial liquefaction. The volume of the spontaneously liquefied fraction was measured with a graduated pipette. Dissolution of the coagulum was obtained by enzymic digestion with trypsin as previously described (Marson et ai, 1988) . The complete dissolution of the coagulum was obtained within 1 h of incubation at 37°C. The volume of the coagulum was obtained by subtracting the volume of trypsin solution added from the total volume obtained after complete liquefaction.
As trypsin treatment interfered with sperm motility and vitality (Marson et al, 1988) (Bernt & Bergmeyer, 1974; Dagley, 1974) (1-6-3-7)
(1-9-3-8) 40 (50-80) The seminal plasma of 4 of the 6 animals was analysed biochemically. The mean concentration of fructose was significantly higher in the coagulum than in the liquefied fraction whereas acid phosphatase was more concentrated in the liquefield fraction ( Table 2 ). The mean concentrations of citrate and L-carnitine did not significantly differ between the two fractions of the ejaculate. In the total ejaculate, the weighted mean concentrations of L-carnitine, fructose, citrate and acid phos¬ phatase were 1226 ± 191 nmol/ml, 22-0 + 60 pmol/ml, 4-0 ± 0-7 pmol/ml and 5926 ± 910 IU/ml, respectively.
When considering all ejaculates, the volume of the coagulum was significantly correlated with total amount of fructose (Table 3) 30-6 ± 70 20-8 ± 64 29-3 ± 3-0** Citrate (pmol/ml) 74 ± 3-3 2-8 ± 0-9 4-8 ± 1-2 7-7 ± 3-6 3-8 ± 0-7
Acid phosphatase (IU/ml) 50 ± 21 3-2 ± 1-7 34 ± 0-3 9-3 ± 30 3-5 ± 0-3** = Number of samples/animal. fWeighted means. **P < 0001 compared with value for liquefied fraction. 
High ejaculation frequency
The mean volume of the total ejaculate increased progressively with the 6 successive ejaculates collected hourly: from 2-6 ± 0-7 to 4-7 ± 0-6ml (y = 2-6 + 0-42jc, r = 0-797, < 0001). The volume of the liquefied fraction remained constant (Fig. 1) Values are mean ± s.d. for the no. of samples indicated (ri). *P < 0-05, **P < 0-001 vs mean values at 0 h (analysis of regression). any significant variations (Table 4 ). The significant correlations previously observed between the volume ofthe liquefied fraction and total amounts of L-carnitine, citrate and acid phosphatase were also observed at high ejaculation frequency (Table 3) . (Table 4) . Fructose was always more concentrated in the coagulum (weighted means: 21-6 + 3-1 pmol/ml vs 13-5 + 3-4pmol/ml, < 0001) and acid phosphatase in the liquefied fraction (weighted means: 15-5 + 1-9 103vs51 ± 0-6 IO3 IU/ml, < 0001). As observed at low ejaculation frequency, the percentage liquefaction ofthe ejaculate was positively correlated with citrate and acid phosphatase concentrations (r = 0-786, < 0001 and r = 0-690, < 001, respectively) and negatively correlated with fructose concentration (r= -0-540, < 005).
Discussion
Total ejaculate volume and total sperm counts were higher than those reported in earlier studies using electroejaculation (Ackermann & Roussel & Austin, 1968; Warner et al, 1974; Gould, 1983 ) but similar to those observed for semen samples obtained by masturbation (Bader, 1983; Marson et al, 1988) . In the present study, the analysis of the liquefied fraction and of the coagulum separately showed that the mean volume ofthe liquefield fraction represented 27% ofthe total ejaculate but contained 51% of the total sperm count. Moreover, the liquefied fraction contained less fructose and more acid phosphatase than did the coagulum whereas L-carnitine and citrate concentrations did not differ between these two fractions ofthe ejaculate.
The close correlation observed between L-carnitine and sperm count suggests that, in chimpanzee, L-carnitine is mainly produced by the epididymis, as in man (Soufir et al, 1981) . Correlations between total amounts (or concentrations) of L-carnitine and citrate and acid phos¬ phatase have been previously described in human (Soufir et al, 1982) , but remained unexplained. In the chimpanzee, as in man, fructose and acid phosphatase are considered to be specific markers of the seminal vesicles and the prostate, respectively (Mann & Lutwak-Mann, 1981; Martin & Gould, 1981) . In the present study, citrate was closely correlated with acid phosphatase but not with fructose. This suggests a prostatic origin of citrate in chimpanzee, as in man (Mann & Lutwak-Mann, 1981) .
In man, the coagulation of the semen is induced by the secretory products of the seminal vesicles: when the vas deferens and seminal vesicles are congenitally absent, there is no evidence of coagulation ofthe semen (Amelar, 1962) . On the other hand, the liquefaction process is induced by factor(s) contained in the first portion of a split ejaculate consisting mainly of prostatic secretion (Tauber et al, 1980) . In the present study, the percentage of liquefaction of the ejaculate was positively correlated with citrate and acid phosphatase concentrations, of prostatic origin, but negatively correlated with concentration of fructose, from seminal vesicles. These results suggest that, in the chimpanzee as in man, the coagulation-liquefaction process depends on a balance between seminal and prostatic secretions.
In man, the ejaculate volume decreases as the interval between ejaculations decreases (McLeod & Gold, 1952; Lampe & Masters, 1956; Freund, 1962 Freund, , 1963 Eliasson, 1965; Van Duijn & Freund, 1971; Mortimer et al, 1982; Rui et al, 1984) . In the present study, sexual abstinence was neither controlled nor monitored. The animals had the opportunity to copulate and/or to masturbate freely. The large intra-individual variations of semen values observed may be related in part to the sexual abstinence period, as in man (Schwartz et al, 1979; Jouannet et al, 1981) .
In the experiment with high ejaculation frequency, the ejaculate volume increased gradually and a total of 20-2 ml could be emitted in 6 successive ejaculates. (Freund, 1963) . In man, semen samples collected by masturbation may not represent those delivered during normal intercourse (Tyler et al, 1983 ; J. P. Tyler & N. G. Crockett, unpublished). The degree of sexual stimulation may therefore influence the magnitude of depletion of the male genital tract during ejaculation. In chimpanzee, this concerns particularly the seminal vesicles.
When semen collection was repeated every hour, the total sperm count decreased progressively between the first and the last ejaculate. In the liquefied fraction, the decrease ofthe number of freely available spermatozoa was not significant. A total of 4300 IO6 spermatozoa could be emitted and, even after the 6th ejaculation, the epididymal sperm reserves were not completely depleted. This large reserve capacity of the epididymis may have advantages in the multi-male breeding system of chimpanzees in which each male mates frequently with the oestrous females and has to deposit enough spermatozoa to compete with those of other males (Harcourt et al, 1981; Martin & May, 1981; Quiatt & Everett, 1982) . Despite modifications ofthe biochemical characteristics ofthe liquefied semen fraction that could perhaps affect sperm motility or vitality, we did not observe any significant variations in the percentages of motile and live spermatozoa. The characteristics ofthe movement pattern and the in-vitro fertilizing ability of spermatozoa from the different samples collected should be studied. Dr S. Meuris is presently research associate from the National Fund of Scientific Research (Belgium).
